Objective: To explore the relationship between nutritional status, functional capacity and healthrelated quality of life (HRQoL) in older adults with type 2 diabetes (T2DM). Design: Cross-sectional study. Setting and participants: Forty two non-insulin dependent older adults from a primary care center in Seville, Spain. Measurements: Function was assessed with a battery of standardized physical fitness tests. Nutritional status was assessed using the Mini Nutritional Assessment (MNA) and the European Quality of Life Questionnaire (EQ-5D-3L) was used to assess HRQoL. Results: There was an association between MNAnutritional status and lower body strength as assessed by the chair sit-stand test (rho= .451; p= .037) and between MNA-nutritional status and EQ-5D-3L-HRQoL (EQ-5D-3Lutility, rho= .553; p<.001 and EQ-5D-3LVAS rho= .402; p<.001). An MNA item by item correlation analysis with HRQoL and lower limb strength demonstrated that HRQoL appears to be related to functional capacity (principally lower body strength, motor agility and cardiorespiratory fitness) among participants. These results were maintained when correlations were adjusted for co-morbidity. Conclusion: Our results demonstrated that nutritional status is moderately associated with HRQoL and lower limb strength in patients with T2DM. Our data suggest that more emphasis should be placed on interventions to encourage a correct diet and stress the needed to improve lower body strength to reinforce better mobility in T2DM population
Introduction
Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by hyperglycemia and insufficient secretion or action of endogenous insulin (1) . Patients with T2DM are characterized by high adiposity and reduced fitness, which are also important predictors of Health-related Quality of Life (HRQoL) (2) . Despite pharmacological strategies that can modulate many of the factors associated with the disease, T2DM-derived complications are common and have a significant impact in HRQoL, especially with respect to physical function (3) and depression (4) . As the prevalence of T2DM is increasing within Europe (5), public health authorities should encourage the urgent implementation of both clinical and preventive intervention programmes to tackle the associated health and economic burden of the disease.
There is substantial evidence from multiple randomised controlled trials indicating that T2DM can be improved or at least controlled by lifestyle changes, including diet and physical fitness (6, 7) . It was reported that malnutrition is prevalent among older adults with diseases such T2DM (8) affecting both physical function and psychological wellbeing, both of which are essential for satisfactory HRQoL (9) . It is know that tissue sensitivity to insulin can be influenced by diet (10) , however, tissue sensitivity to insulin (in addition to improvements in glycemic control) has also been reported to be influenced by improved function (11) . It would be expected, therefore, to find a relationship between nutritional status and functional status among those with T2DM. However, despite the evidence supporting lifestyle modifications to improve health outcomes in this population group, few studies have examined the relationship between nutritional status and functional status among people with T2DM (12), or whether or not these outcomes are related to HRQoL (13) . The aim of this study therefore was to explore the relationship between nutritional status, functional capacity and HRQoL in older adults with T2DM.
Method
Participants and study design A cross-sectional study was conducted. Patients were recruited (between April 1 and June 30 2011) from a local outpatient clinic (Seville, Spain). Out of 150 potentially eligible participants, 65 volunteers with a diagnosis of T2DM gave their written informed consent after receiving detailed information about the aims and study procedures. Exclusion criteria were: insulin dependency, history of cognitive impairment, severe heart, liver or kidney disease. In addition, those who answered "yes" to any question on the Physical Activities Readiness Questionnaire (indicating a possible contraindication for physical fitness testing) (14) were also excluded from the study. A total of 23 participants did not meet these criteria and were excluded from the study, resulting in a study sample of 42 patients (aged 70.3 ± 7.0 years) (Figure 1 (15)) and smoking]. Participants' weight, height, and waist and hip circumference were measured and body-mass index (BMI; kg/m2) and waist to hip ratio were calculated. Body-fat percentage (BF %) was also estimated using a handheld impedance analyzer (Omron BF-306, Omron Healthcare Europe BV, Hoofddorp, The Netherlands) according to the manufacturer´s instructions (16) . Mid-arm and mid-calf circumferences were also measured. The second part of the evaluation included assessing functional capacity, HRQoL, and a nutritional status assessment. The questionnaires and the assessment of the clinical predictor characteristic variables were performed by an experienced nurse who used these evaluations as part as her routine care for patients with T2DM. The functional capacity tests and the anthropometric assessment were performed by a professional fitness instructor, who had more than three years experience using the fitness battery used in this study. Neither the nurse nor the fitness instructors took part in the day to day running of the clinical trial or analysis of outcomes.
To assess functional capacity a battery of fitness tests previously validated in Spanish older adults, who were affected by chronic diseases, was used (17) . This battery included the assessment of the lower body muscular strength by the 30-second chair sit-stand test. Handgrip strength was evaluated by means of a manual dynamometer (TKK, Tokyo, Japan). The modified sit-and-reach test was used to measure the lower back and hip joint flexibility. The flexibility of the upper extremities was evaluated with a 'back scratch test'. Single-leg static balance was assessed with a "blind flamingo test" and the functional reach test. Motor agility/dynamic balance was assessed with the timed up and go test. Finally, to assess cardiovascular fitness the six-min walk test (6MWT) was used.
The EQ-5D-3L (18) assessed participants HRQoL. The EQ-5D-3L includes five dimensions (mobility, personal care, usual activities, pain/discomfort and anxiety/depression), each of which has three levels (no problems, some problems, or extreme problems/unable to), answers ranging from 1 to 3. The juxtaposition of the levels for these five dimensions correlates a to five-digit number, which reflect 243 possible health status values. These health status values can be collapsed to a health functional index or a 'utility', using time-trade off values (EuroQolutility; 1=full functional quality of life, 0=death). The EQ-5D-3L also includes a vertical 20-cm Visual Analogue Scale (VAS) which is used by participants to rate their own health between 0 (worst imaginable health state) and 100 (best imaginable health state), thereby providing an overall numerical estimate of their HRQoL (19) .
The Mini Nutritional Assessment (MNA) tool was used to assess the nutritional status of our participants (20, 21) . The MNA tool uses a scale ranging from 0 (the worst possible nutritional status) to 30 (the best possible nutritional status). The MNA tool has 18 items regarding food intake declination (1); weight loss (2); mobility (3); psychological stress or acute disease (4); neuropsychological problems (5); reduced BMI (6); living independently (7); taking more than three drugs per day (8); having skin ulcers (9); number of full meals per day (10); protein intake (11); fruit or vegetables intake (12); fluid intake (13); mood of feeding (14); self-reported nutritional status (15) ; health-status when compare with people of the same age (16); reduced mid-arm circumference (17) and calf circumference (18) . For all items, the lower value indicates a worse score. Depending on the total MNA-score (sum of the items values), participants were classified into three possible nutritional status categories: well-nourished (MNA score > 24), at risk of malnutrition (MNA score between 17 and 24) and malnourished (MNA score < 17).
Statistical Analysis
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, v. 15.0 for WINDOWS, SPSS Inc., Chicago, IL, USA). Alpha value was set at .05 level for all test performed. Data are presented as means ± standard deviation (SD), unless otherwise stated. One-way ANOVA with Bonferroni Post-Hoc test was performed to test the different between the MNA-based groups concerning the body composition variables. The association between nutritional status, functional status, body composition variables and HRQoL were analyzed using Spearman's correlation coefficients. Partial correlations adjusted for co-morbidity were also performed. The level of relationship was determined based on the recommendations of Cohen (22), a coefficient of between 0.1 and 0.29 was considered low; a coefficient between 0.3 and 0.49 were considered moderate and more than 0.5 was considered high. Additionally, we performed a linear regression analyses between these variables to get a better understanding of the associations identified. Table 1 outlines the socio-demographic characteristic, health habits, clinical, functional status, HRQoL and nutritional status of the participants in the study. Most participants reported that they did not smoke (93%) or drink alcohol (80%). Fifty per cent of participants reported a moderate physical activity level. Furthermore, 90% of participants were identified as being at risk of, or malnourished. Table 2 shows the anthropometric characteristics across the different MNA-status groups. The "malnourished" group of patients had a statistically significant decrease in their BMI when compared with the patients allocated in the "at risk of malnutrition" group (p= 0.009) and had greater waist to hip ratio when compared to the "well-nourished" group of patients (p=0.05). For patients in the "malnourished" group there was a trend towards lower weight, and smaller mild-arm and calf circumferences when compared to both the "well-nourished" and "at risk of malnutrition" groups of patients; however, these differences did not reach statistical significance. There was a correlation between BMI and MNA among participants (rho= -.385, p=0.039), which remained after correction for comorbidity (rho= .389, p=0.041). A correlation between waist to hip ratio and MNA was found only after performing the correction for co-morbidity (rho= -.355, p=0.050).
Results

Figure 1
Spearman´s correlation coefficients and partial correlations between nutritional status (MNA) and physical-fitness in those with T2DM demonstrated (table 3) , a moderate positive association between MNA-nutritional status and lower body strength as assessed by the chair stand test (rho= .451; p= 0.037). This correlation held even when adjusted for comorbidity (rho= .431; p= 0.041). Despite the aforementioned association, no statistical significant associations were found between physical fitness tests and MNA-nutritional status. Regression analyses performed (Figure 2 ) confirm the moderate association between the lower limb strength and MNA total score (R2= .12; p= 0.005). Moreover, a moderate positive association was found between protein intake and fruit (Table  4 ).
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Figure 2
All EQ-5D-3L dimensions were associated with the MNAnutritional status (Table 3) . A moderate negative relationship was found between all EQ-5D-3L dimensions and MNAnutritional status (mobility, rho= -.315, p<0.001; personal care, rho= -.316, p=0.005; daily tasks, rho= -.378, p= pain/discomfort, rho= -.329, p<0.001). A strong negative relationship between anxiety/depression EQ-5D-3L dimension and MNA-nutritional status, was found (rho= -.533, p<.001). Also, a strong positive relationship between EQ-5D-3Lutility and MNA-nutritional status (rho= .553, p<0.001) and between EQ-5D-3LVAS and MNA-nutritional status (rho= .402, p<0.001) was reported. With the exception of the personal care dimension and the EQ-5D-3LVAS, the relationship was also maintained after adjusting the correlation analysis for comorbidity. Regression analyses (Figure 2 ) confirmed this relationship (R2= .20; p= 0.004). Results from the correlation analysis between the items from the MNA and the five dimensions from the EQ-5D-3L are also presented in Table 4 . Table 5 demonstrates spearman´s correlation coefficients and partial correlations (adjusted for co-morbidity) between functional status and HRQoL. Lower body strength was moderately (anxiety/depression, rho= -.496, p=0.037 and EQ-5D-3Lutility, rho= .464, p=0.014) to highly (mobility, rho= -.581, p<0.001; personal care, rho= -.701, p<0.001; pain/discomfort, rho: -.572, p<0.001 and VAS, rho=638, p<0.001) associated with all dimensions of EQ-5D-3L, with the exception of the daily tasks dimension. There was a strong negative relationship between cardiorespiratory fitness and some HRQoL dimensions (mobility, rho=.-916, p<.001 and personal care, rho= -.922, p=0.041). Finally dynamic balance was correlated with HRQoL (mobility, rho= -.598, p<.001; pain/discomfort, rho= -.572, p=.005; anxiety/depression, rho= -.496, p=0.034, EQ-5D-3Lutility, rho= .414, p=0.023 and VAS, rho= .538, p<0.001). After adjusting the correlation analysis for relevant co-morbidity, these relationships were maintained in most cases. 
Discussion
Although the risk of malnutrition and inactivity is expected to be more prevalent in elderly than in younger adults, it is also an important consideration when a disease such as diabetes is present (23) . For older adults with T2DM, regular physical activity and a correct diet could result in better disease control and an increase in HRQoL. Unfortunately, little is known regarding the relationship between these outcomes among this population group. Therefore the aim of the current study was to gain a better understanding of the relationship between nutritional status, HRQoL and functional capacity among 60-83 older adults with T2DM.
The main finding of our study was that MNA-nutritional status was associated with both EQ-5D-3L-HRQoL dimensions and lower limb strength in T2DM subjects. One of the novel aspects of this study was that we assessed the relationship between these outcomes in the same group of patients, giving a better understanding of these outcomes in T2DM patients.
Our results show a trend to reduction in the most of the important anthropometric measurements for nutritional status determination (24) , thus supporting the relationship found between BMI or waist to hip ratio and the MNA-score within our group of patients (25) . However, the fact that most patients were in the "at risk of malnutrition" group, along with the small sample size (i.e. few patients in the other two groups), meant that it was unlikely that differences would be found in other anthropometric measurements. Moreover, it should also be remembered that the MNA is a global nutritional assessment tool, thus covering all areas of nutritional evaluation.
Functional capacity of those with T2DM appears to be reduced when compared with those without T2DM (26, 27) , our results regarding related variables are similar to those found in previous studies. (27) . Similar impairments may be a possible explanation for the lower functional capacity reported by our participants, which has been also reported to play an important role in HRQoL among T2DM patients (9) . Previous work has identified many dietetic problems in older adults with T2DM (28, 29) and our finding on nutritional status (85.7% at risk of being malnourished) support this previous work. In this specific population, malnutrtional status is related to the glycemic control, such the glycemic index of nutrients (28, 29) or reduced Zinc and Vitamin C levels (30) . The poor nutritional status exhibited by those with T2DM is a barrier to gaining muscle tissue and strength, which may be also related to poor insulin tissue sensitivity (10) . This could be, at least in part, a possible explanation for the relationship found between nutritional status and lower body muscle strength in our subjects, and supported by our MNA item by item correlation analysis, were a poor diet (MNA items 11 and 12) seems to be related to lower limb muscle strength. Different studies on older adults have reported a negative association between daily dietary intake of antioxidants, physical performance and lower limb muscle strength, (31) even in younger older adults (32) . Moreover, Turnbull et al. (12) reaffirm this relationship among adults with T2DM.
The negative effects of poor diet on muscle mass and function also negatively affect glycemic control. When such diet is present among older adults there is a high probability of sarcopenia (lack of muscle mass), thus affecting the functionality of individuals (33) . Although we could not measure sarcopenia among our patients, the relationship found between lower muscle strength and a poor protein diet (MNA item 11) in our participants would account for the lack of function, hence affecting HRQoL. Thus, increases in skeletal muscle mass, or even muscle function (34) are not only related to glycemic control (35, 36) but it also appears to be important for prevent the decline in function among T2DM patients, particularly with aging. Consequently, efforts should be made to increase physical exercise, which may lead to improvements in muscle strength, in the T2DM population.
In the current study nutritional status was associated with all EQ-5D-3L dimensions, even though no previous work has been found that assessed this relationship among T2DM patients, our results are consistent with other reports which have examined nutrition and HRQoL in a smaller community-based study (37) , in other selected older adults populations (38) and a population sample studies in older adults (39) . The findings from our study and the cited work strengthened our understanding of the relationship between the risk for malnutrition and reduced HRQoL. As mentioned, malnutrition plays an important role in muscle function (40) but may also have had an important impact on HRQoL, considering that all EQ-5D-3L dimensions were significantly associated with the patient´ nutritional status in the present study. Moreover, poor nutritional status could negatively affect the mental health of older adults worsening their HRQoL (39) . This relationship was also confirmed in the current study as EQ-5D-3L anxiety/depression dimension was associated with the poor nutritional status. Although the correlation coefficient between HRQoL dimensions and MNA seems to decrease when the correlation analysis was controlled for relevant co-morbidity, this relationship is perhaps given further support when we note the relationship between the items from the MNA and the different dimensions from the EQ-5D-3L. These results appear to be in agreement with different studies that report a clear reduction in HRQoL in those patients with T2DM and associated co-morbidity (41); especially with respect to mobility, self-care and the usual daily activities dimensions of the EQ-5D-3L dimensions (42) . However, because the MNA tool was used as a screening tool for risk of malnutrition in our study, self-reported health status questions included in this tool may contribute to extent of the relationship between HRQoL and nutritional status.
Several limitations need to be recognised in this study. Since a cross-sectional design was used, a causative interpretation is not possible. Another limitation was the use of the EQ-5D-3L, which is a very general HRQoL instrument. It is important to be aware that because the EQ-5D-3L is not diabetes specific it may reflect problems related to other conditions or sub estimate or overestimate the real self-reported health status. Despite this, the use of a general HRQoL instrument allows us to compare with other conditions. Another shortcoming is that the population of this study represents a convenience sample defined by the inclusion criteria, which may introduce selection bias. Moreover, a risk of self-selection bias needs to be recognized since we were obviously not able to obtain data on non-participants, due to the voluntary nature of the study. Therefore, given the small sample size of our study it is difficult to give definitive conclusions but the results give us an indication of what further research may show. Future larger prospective cohort studies are required to confirm the relationships demonstrated in the current study. Longitudinal studies implementing lifestyle interventions including diet and exercise, designed to increase physical fitness (mainly muscle strength) are also warranted to clarify the relationships between the effects of such interventions on these outcomes.
Despite these limitations, to our knowledge this is the first study analyzing the relationship between the two main components of lifestyle interventions, (i.e. diet and physical function), therefore helping to progress the understanding of the management of patients with T2DM. In conclusion our results have shown that nutritional status is moderately associated with HRQoL and lower limb strength, which is also associated with HRQoL in patients with T2DM. Physical activity and diet are the cornerstones in the prevention and treatment of T2DM (6, (43) (44) (45) ; Our data suggest that in the future more emphasis could be placed on interventions to enhance a correct diet through early identification of the risk for malnutrition and stress the needed to improve lower body strength to reinforce better mobility in T2DM population.
